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1
METHOD OF DETERMINING WHETHER TO
REPLACE A HIGH PRESSURE PUMP IN A
HYDRAULIC REGULATION SYSTEM OF A
TURBOMACHINE

BACKGROUND OF THE INVENTION

The present invention relates to the general field of gas
turbines and it relates more particularly to a method for moni-
toring the positive displacement efficiency of the high pres-
sure (HP) pump of a hydraulic regulation system of a turbo-
machine without having recourse to using a specific sensor or
system.

The field of application of the invention is that of gas
turbines for engines for airplanes or helicopters that generally
include a high pressure positive displacement pump for pro-
ducing hydraulic energy, for feeding fuel to the engines, and
for lubricating various accessories of the engine.

In known manner (e.g. from FR 2 923 871), the efficiency
of the HP pump is monitored by the high pressure shutoff
valve (HPSOV) that serves to pressurize the engines and that,
given knowledge of the level of leakage in the hydraulic
system, is capable of determining the level of leakage in the
HP pump by subtracting the leaks due to other components in
the system such as actuators, servo-valves, and various other
intermediate valves.

Nevertheless, although that solution is entirely satisfactory
for evaluating overall leakage in the system, it does not make
it possible to track accurately the efficiency of the HP pump
that varies as a result of degradation over time in the various
components of the system and because the hydraulic control
of the variable geometry vanes is not shut off at low speed,
which raises a problem when it is necessary to evaluate the
capacity of the system for enabling engines to be restarted in
flight or when it is appropriate to plan for replacing the HP
pump, without such replacement giving rise to any major
operating impact.

OBIJECT AND SUMMARY OF THE INVENTION

A main object of the present invention is thus to propose a
method of tracking the positive displacement efficiency of the
HP pump of a hydraulic regulation system of a turbomachine
that enables such drawbacks to be mitigated.

This object is achieved by a method of tracking the positive
displacement efficiency of a high pressure pump in a hydrau-
lic regulator system of a turbomachine having a high pressure
positive displacement pump delivering a flow rate Q that is a
function of an engine speed N of said turbomachine as defined
by a control computer, the flow rate Q being delivered to an
actuator for actuating variable geometry vanes of said turbo-
machine and to a bypass valve arranged in a feed pipe for
feeding fuel to the engines of said turbomachine, the method
being characterized in that it comprises the following steps:

starting the engines of said turbomachine at a low engine
speed NO, said valve being closed;

using said computer to order a movement of said actuator;

progressively increasing said engine speed N until said
flow rate Q reaches a predetermined value Q0 that is sufficient
for opening said valve;

storing in said computer firstly the position of said actuator
and secondly the engine speed N corresponding to the open-
ing of said valve;

repeating the preceding steps at successive instants t1, t2,
tn during the lifetime of said engines of the turbomachine; and
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replacing said high pressure positive displacement pump
when said engine speed N exceeds a predetermined value
Nlimit'

Thus, by eliminating any intermediary between the HP
pump and the monitored valve, it is possible to track accu-
rately the degradation in the efficiency of the HP pump and
thus also to monitor the capacity of the engines of the turbo-
machine to restart in flight.

Preferably, said position of the actuator is measured by an
LVDT sensor of said actuator and said predetermined value
QO for the flow rate corresponds to a rated threshold of a
spring of said valve.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present inven-
tion appear from the following description made with refer-
ence to the accompanying drawings, which illustrate an
implementation having no limiting character. In the figures:

FIG. 1 is a simplified diagram of a hydraulic system for a
turbomachine, the bypass valve being shown closed;

FIG. 2 is a simplified diagram of a hydraulic system for a
turbomachine, the bypass valve being shown open;

FIG. 3 plots two curves illustrating respectively the posi-
tion of the actuator and the engine speed as a function of time
while starting the engine; and

FIG. 4 plots a curve showing conditions for opening the
bypass valve as a function of time.

DETAILED DESCRIPTION OF AN
EMBODIMENT

FIGS. 1 and 2 are simplified diagrams of a hydraulic sys-
tem for a turbomachine with a variable bypass valve (VBV)
shown in two opposite positions.

Conventionally, the high pressure positive displacement
pump (HP pump) 10 is followed immediately downstream by
a bypass valve 12 that serves to allow pressure to rise in the
hydraulic system. This valve opens when the flow rate that is
applied thereto makes it possible to reach the accurately
known rated threshold of its spring 12A. It serves firstly to
move an actuator 14 that moves variable pitch vanes (not
shown) via an associated servo-valve 16 connected by an
upstream pipe 18 to the HP pump and by a downstream pipe
20 to the bypass valve 12, and also to feed fuel to the engines
(not shown) by putting them into communication with the HP
pump successively via a fuel metering valve (FMV)22 and a
high pressure cutoff valve (HPSOV) 24 connected in an
engine feed pipe 26. A computer 28 connected to the various
components of the hydraulic system provides general control
on the basis of data such as the desired engine speed N, or the
movement of the piston 14 A of the actuator 14 as measured by
alinear variable displacement transducer (LVDT) 14B. Natu-
rally, the hydraulic circuit has other conventional components
(e.g. filters, valves, heat exchangers, . . . ) that nevertheless do
not need to be described in order to understand the invention
and that are therefore not shown. However, it should be
observed that there is a pipe 30 for recirculating the flow from
the bypass valve that is connected to the downstream pipe 20
through the bypass valve 12.

The above system operates as follows. The positive dis-
placement HP pump is boosted by a low pressure (LP) pump
(not shown) situated upstream therefrom, the HP pump 10
delivering a flow rate that is a function of the engine speed N
to the actuator 14 (via the servo-valve 16) and to the bypass
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valve 12. There is naturally some leakage through the HP
pump and such leaks increase with increasing degradation of
the pump.

When the bypass valve 12 is in a closed state (FIG. 1), the
pipe 20 between the outlet of the servo-valve 16 and the
bypass valve 12 is obstructed by the bypass valve. The pres-
sure difference across the terminals of the actuator 14 is zero
and the two chambers of the actuator are at identical pres-
sures, so the piston 14A is held stationary, as are the variable
pitch vanes that it actuates.

As soon as the pressure at the bypass valve 12 exceeds the
rated threshold of the spring 12A, i.e. when the flow rate that
it sees becomes high enough, it switches to a fully open state
(FIG. 2) and the pipe 20 between the outlet of the servo-valve
16 and the bypass valve 12 is no longer obstructed. The fuel is
then at low pressure and the piston 14A is subjected to a
pressure difference (a non-zero pressure difference) that
causes it to move, as shown by curve 40 in FIG. 3. Since the
actuator has the LVDT 14B; it is then possible by means of the
computer 28 to detect accurately the instant at which the
piston moves, which instant thus corresponds to the opening
of the bypass valve, and to observe the associated engine
speed N (see curve 42).

According to the invention, in order to track the positive
displacement efficiency of the HP pump 10 of the hydraulic
regulation system of a turbomachine, the inventors started
from the observation that if the HP pump becomes degraded
over time, the above-mentioned observed engine speeds N
will also be different, and they have developed an innovative
method that relies on the following steps.

Initially, the engine is running on the ground at a low speed
N0 and the bypass valve 12 is closed. The computer 28 then
begins by ordering the actuator 14 to move. However, since
the bypass valve is closed, the actuator cannot respond to that
order and it therefore remains stationary. In parallel with that
order, the engine speed N increases progressively. So long as
the flow rate delivered to the bypass valve 12 is not sufficient,
the bypass valve remains closed and the actuator 14 does not
move. Once the flow rate is sufficient (determined value Q0
corresponding to the rated threshold of the spring 12A), the
bypass valve 12 opens and the actuator 14 begins to move.
The engine speed N corresponding to the opening of the
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bypass valve 12 and thus to the movement of the actuator is
observed by means of the LVDT 14B of'the actuator to which
the computer 28 is connected, and this speed is stored in the
computer.

By repeating the above steps at successive instants tl,
12, . . ., tn over the lifetime of the engines, a curve 50 is
obtained as shown in FIG. 4 that makes it possible to track
accurately degradation in the efficiency of the HP pump 10,
and by defining a limit value N,,,;, that is not to be exceeded
for engine speed, it is possible to decide when action needs to
be undertaken, in particular concerning replacement of the
HP pump.

The invention claimed is:

1. A method of determing when to replace a high pressure
pump in a hydraulic regulator system of a turbomachine
including a high pressure positive displacement pump deliv-
ering a flow rate that is a function of an engine speed of the
turbomachine as defined by a control computer, the flow rate
being delivered to an actuator for actuating variable geometry
vanes of the turbomachine and to a bypass valve arranged in
a feed pipe for feeding fuel to engines of the turbomachine,
the method comprising:

starting the engines of the turbomachine at a low engine

speed, the valve being closed;

using the control computer to order a movement of the

actuator;

progressively increasing the engine speed until the flow

rate reaches a predetermined value that is sufficient for
opening the valve;

storing in the control computer a position of the actuator

and the engine speed corresponding to the opening of the
valve;

repeating the preceding operations at successive instants

during a lifetime of the engines ofthe turbomachine; and
replacing the high pressure positive displacement pump
when the engine speed exceeds a predetermined value.

2. The method according to claim 1, wherein the position of
the actuator is measured by an LVDT sensor of the actuator.

3. The method according to claim 1, wherein the predeter-
mined value for the flow rate corresponds to a rated threshold
of a spring of the valve.
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